I g66.-The turnover of parenterally administered Mna was found to be directly related to the level of stable manganese in the diet of mice over a wide range. The concentration of Mn54 in various tissues was also directly related to the level of Mn65 in the diet, suggesting that a variable excretion rather than a variable absorption regulates the concentration of this metal in tissues. The whole-body turnover of M# can be approximated roughly by two exponential functions suggesting that manganese is distributed in at least two sets of compartments with different sizes and transfer constants. The relative size and transfer constant of the compartment with the slower turnover was linearly related to the concentration of manganese in the diet.
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isotopes; total-body counting E ARLIER STUDIES of the metabolism of the transition metal, zinc, indicated that the absorption, distribution, and excretion of the tracer, Zn65, were sensitive to metabolic burdens with stable zinc (3, 5, 8) . Conversely, Cd109 showed rather striking insensitivity when investigated in a similar fashion (4). Zinc is accepted as an essential element, whereas cadmium is considered a nonessential one. Hence, this difference in their behavior was thought to reflect differencesin the efficacy of the mechanisms which control their respective metabolism.
The transition metal, manganese, is an essential element, but little is known concerning the control of its metabolism.
Therefore, it was of interest to investigate whether its absorption, distribution, and excretion might follow the precedent of zinc. Furthermore, the apparent constancy of the tissue concentrations of manganese indicated that a search for possible homeostatic mechanisms might be rewarding.
The present paper reports experiments on manganese similar to those conducted with the two metals alluded to above: long-range observations were made on the rate of elimination and tissue distributi,on as affected by a single variable, the intake of stable manganese.
The striking -. was used for the measurements of both the total-body radioactivity and of that located in the organs of these animals.
This consisted of a NaI, thallium-activated crystal measuring 3 x 3 inches containing a well measuring I .5 x 2.5 inches, connected to a preamplifier, amplifier, and scaler. Intact animals were inserted into a ventilated plastic tube and introduced into the counter. The counts were corrected as necessary for background, coincidence, and decay, but not for geometry.
The first measurement was used as the IOO % retention in the plotting of all subsequent counts, except for experiment 5 (Table  I) , i n which the total-body radioactivity at the time of the addition of the manganous supplements (16th day after the injection of MrGj4) was used as the point of reference. A standard was counted during each session to determine the stability of the instrument and to correct for radioactive decay. Standard error of counting was ordinarily within I %.
The data for each mouse were plotted on semilogarithmic paper as percent retention vs. time. The mean values were computed for each group of mice and a best-fit curve was drawn visually through the means. The final four points of these whole-body turnover curves fell on a straight line in the majority of the groups. However, in the experiments with the three highest concentrations of dietary manganese only the two last points could be used to delineate a straight line. The slope and intercept of this line represented the ccslow" component discussed in the text. The values of the slow component were subtracted from each retention curve and the remainder is referred to as the "fast" component.
Further analysis of the fast component into constituent ones was inaccurate due to scarcity of experimentally determined points. Therefore, it was treated as if it constituted a single component.
Experimental design. The period of prefeeding was varied from 5 to 26 days and was followed by two separate types of experimentation : I) The different amounts of MnSO4 were offered immediately to the respective groups (exps. 1-4, Table I ).
2) The basal low-manganese diet was continued for 16 days following the injection of the isotope, before the various concentrations of MnS04 were added to the diets (exp. 5). In both cases no further changes of the regimen were made. In experiments I and 4 of Table I , the animals were not decapitated until their total-body radioactivity had reached about I .5 % of the initial level, to determine the period of time necessary for the excretion of almost all of the tracer. Conversely, all animals in experiment 5 were sacrificed 57 days after the isotope had been injected.
Following decapitation the mice were dissected, the carcasses were assayed for radioactivity separately, but the livers, gastrointestinal tracts, brains, and ccsmall viscera" from each group were pooled. Small viscera included the heart, lungs, spleen, testes, and thymus. The data are reported as average values per mouse. The sum of the radioactivity recovered with the tissues exceeded that recorded within the intact animals by about 20 % because of factors alluded to elsewhere ( I I).
RESULTS
Manganese deprivation and total-body loss of A4rP4. All animals maintained on the low-manganese milk showed significant losses of their total-body Mn54 over the entire period of observation (i.e., Figs. I and 2). However, the total amount of tracer excreted by these animals decreased linearly as a function of time on manganese deprivation.
The animals fed milk for only 5 days prior to injecting the tracer excreted only 35 % of their total body radioactivity at the slow rate as determined by extrapolation to zero time. With increasing time on the lowmanganese diet the percent of the isotope excreted at the slow rate increased linearly and reached g5 % when the prefeeding time was extended to 26 days. The halflife of this slow component seemed to be affected to a lesser extent: it decreased from about 50 to about 35 days over the stated range of prefeeding periods. The changes in the half-life of the fast component were not deemed significant.
Acceleration of the total-body loss of Mnh4 following adminis- (Table   I) are shown in Fig. I In order to define these total-body retention curves, it was necessary to observe these animals for long periods of time (Fig. I) , during which the isotope remaining in the tissues might have become progressively less available for exchange with the stable manganese absorbed from the diet. Hence these measurements might have underrated the initial effect of stable manganese on the excretion of the tracer. It was necessary therefore to demonstrate: I) whether the isotope became less exchangeable with passing time; and 2) whether, in spite of this, it could be shown that progressively larger manganese concentrations in the diet would progressively accelerate the tracer's excretion. In experiment 5, 44 % of the tracer was excreted during the 16 days which followed its injection and the remainder was being eliminated at the slow rate. The total-body retention curves for each group in experiment 5 are shown in Fig. 2 . This time the three lowest concentrations of manganese in the milk had no definite effect on the turnover rate of the metal. However, with higher manganese concentrations (ranging from 8.47 X IO-~ M to 2.5 X IO-~ M MnS04) the ranking of the total-body retention curves again duplicated the ranking of the diets. Furthermore, increments of the concentration of manganese in the diet resulted in linear decreases in both the intercept and the half-life of the slow components of the total-body retention curves. This indicated only one sharp contrast to the experiments discussed above, namely, that the changes in turnover brought about by changes in the diet were now smaller than when the salt was fed immediately after the isotope had been injected.
The sum of these experiments indicated that the excretion of the isotope by these mice was proportional to the amount of metal supplied in their diet. It was deemed interesting to identify the individual tissues which had participated in this exchange. Tissue distribution of the radioactivity. In spite of its low levels, the radioactivity remaining in the animals from experiments 1-4 was of interest since its distribution contrasted to that of the animals discussed immediately below. In experiments 1-4 the radioactivity remaining in the carcass ranged between 78 and g3 % of the total. The gastrointestinal tract contained [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] %, the pooled small viscera I .5-6 %, the liver 0.5-5 %, and the brain I -3 %. These large ranges did not permit conclusions with regard to effects of the varying dietary concentrations of manganese, but the data were worth comparing to the distribution of the isotope shortly after its injection. A group of five animals kept on the milk for 26 days was injected intraperitoneally with Mnn4. At sacrifice 2 hr later, the mean and range of the total radioactivity recovered among the tissues were as follows: carcass I 6 % (I 4-20) ; gastrointestinal tract 55 % (53-60) ; liver 16 % (14-19); kidney 5 % (4-6); small viscera 7 % (6-8) ; and brain 0.2 % (0.05-1.0).
By contrast, the first points in Fig. 3 indicate the change in this distribution after the lapse of 56 days in the animals from exfieriment 5: at that time the highest proportion of the recovered radioactivity was located in the carcass. This increased linearly with increasing concentration of manganese in the diet, whereas all other tissues tested showed a linear decrease in the proportion of the radioisotope recovered at sacrifice. The brain contained only 1-2 % of the remaining radioactivity.
It is evident that the smaller of these manganous loads had not affected materially the tissue distribution of this metal, as they had failed to affect its total-body turnover rate.
DISCUSSION
The observations made on animals consuming only the low-manganese milk suggest the existence of an impressive obligatory loss for this metal: highly significant excretion occurred even during long periods of manganese intakes low enough to cause manganese deficiency (2) . The total isotope lost during these observations depended on the time the animals had spent on the lowmanganese diet prior to having been injected with tracer: while the prefeeding periods were being increased, a progressively larger percent of the total isotope became excreted at the slow exponential rate. It was indeed necessary to maintain milk feeding for about I month before the excretion of the isotope proceeded almost solely at a single, slow exponential rate. These findings argued against the existence of a mechanism which rapidly shuts off manganese excretion in the presence of deficiency.
It was known from earlier work (6) that gross metabolic loads of a manganous salt would accelerate the excretion of injected Mn b4. The present experiments extend these observations over a wide range of metabolic loads, including toxic levels, suggesting that the limit of absorption of manganese from the gut was probably not
